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what are marine inherent optical properties (IOPs)? 
spectral absorption & scattering coefficients 

what can marine IOPs tell me? 
they describe the contents of the upper ocean 
 

 - phytoplankton abundance & community structure 
 - non-algal suspended particles 
 - particulate & dissolved carbon 
 - diffuse attenuation / water clarity 

why study marine IOPs from space? 
satellite time-series provide “big picture” views to better understand 
responses to climate change & for inclusion in bio-hydrographic models	  



a variety of ocean color approaches exist … 
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this presentation reviews 
semi-analytic algorithms (SAAs) 

(a.k.a. ocean reflectance inversion models) 
 

some of the first: Sugihara & Kishino 1988, Roesler & Perry 1995 



presentation outline 

4 
Werdell, NASA MODIS ST, Apr 2014 

 
 
Part 1:  brief review of the theoretical basis 
 
Part 2:  state of the art 
 
Part 3:  future plans 
 



inherent optical 
properties (IOPs) apparent optical 

properties (AOPs) 

ocean color 
in-water optics 
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relating ocean color & in-water optical properties 

photon entering a medium has two fates:  absorbed (a) or scattered (b) 
 
radiative transfer equations provide exact solutions (simplifications exist) 

forward model 

measured by satellite 
desired products 

inverse model 
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a(λ) = aw (λ)+ adg(λ)+ aφ (λ)
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bb (λ) = bbw (λ) + bbp (λ)
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relating ocean color & in-water optical properties 
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a(λ) = aw (λ)+Mdgadg
* (λ)+Mφaφ

* (λ)
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eigenvector 
(shape) 

eigenvalue 
(magnitude) 

relating ocean color & in-water optical properties 
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bb (λ) = bbw (λ) + Mbpbbp
* (λ)
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relating ocean color & in-water optical properties 
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a(λ) = aw (λ) + Mdgadg
* (λ) + MφDaφD

* (λ) + MφNaφN
* (λ)

€ 

bb (λ) = bbw (λ) + Mbpbbp
* (λ)

diatoms Noctiluca miliaris 

MODISA λ	




N = 6 knowns ( the 6 visible MODISA Rrs(λN) ) 
 
User defined:  G(λN), a*

dg(λN), a*
φ(λN), b*

bp(λN) 
 
3 (< N) unknowns: Mdg, Mφ, Mbp 
 
solve for M using spectral optimization/unmixing/deconvolution 
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relating ocean color & in-water optical properties 
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Part 1:  brief review of the theoretical basis 
 
Part 2:  state of the art 
 
Part 3:  future plans 
 



SAAs developed routinely over 30 yrs 
many successfully retrieve three components 
many overlapping approaches exist 
 

power-law, η: 
 fixed 
 Lee et al. (2002) 
 Ciotti et al. (1999) 
 Hoge & Lyon (1996) 
 Loisel & Stramski (2001) 
 Morel (2001) 

Levenberg-‐Marquardt	  
SVD	  matrix	  inversion	  

Morel	  f/Q	  
Gordon	  quadra=c	  

exponen=al,	  Sdg:	  
	  fixed	  (=	  0.018)	  
Lee	  et	  al.	  (2002)	  
Werdell	  (2010)	  

tabulated	  a*dg(λ)	  

tabulated	  a*φ(λ)	  
Bricaud	  et	  al.	  	  (1998)	  
CioO	  &	  Bricaud	  (2006)	  
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relating ocean color & in-water optical properties 
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state of the art 

first comprehensive survey & 
evaluation of SAA approaches 

modern survey & evaluation of 
SAA (& other) approaches  



first comprehensive evaluation of 
SAA similarities/differences 
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state of the art 

generalized IOP (GIOP) framework 
available through SeaDAS 

default, global GIOP configuration assigned for 
operational MODIS-Aqua & -Terra processing  
 
end-user can customize GIOP parameterizations 
 

 - test new parameterizations or combinations 
 - regional configurations  



presentation outline 
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Part 1:  brief review of the theoretical basis 
 
Part 2:  state of the art 
 
Part 3:  future plans 
 



future plans - general 
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temperature & salinity dependence of pure seawater 



future plans - general 
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temperature & salinity dependence of pure seawater 

inversion approaches 
statistical cost functions, uncertainties 
the relationship between AOPs and IOPs (spectral G) 
expanded wavelength suites	  

inelastic scattering  
Raman effects (Westberry et al. 2013) 
phytoplankton fluorescence ???  
 

reduction of spectral shape assumptions 
one size rarely fits all 
optical water types (Moore et al. 2009) 
ensemble methods (Wang et al. 2005, Brando et al. 2012)	  



future plans - shallow water 
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optically shallow water 
where sunlight reflected 
off the seafloor is seen 
by the satellite 
 
 
SWIM model   
GIOP-like SAA extended 
to account for shallow 
water reflectances 
 
 
Great Barrier Reef 
McKinna et al. (2014) 
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again … why study marine IOPs from space? 
 



Noctiluca identified during the NEM using MODISA 
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why is this so important? 
 
satellites provide spatial & temporal data records 
that cannot be achieved on ships 
 
 
 
 

 
  

these data records provide “big picture” views to 
better understand responses to climate change & 
for inclusion in biological-hydrographic models	  

the methods are portable to many ecosystems	  
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thanks 
 



a generalized IOP (GIOP) inversion model 
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in situ (NOMAD) & synthesized (IOCCG) data SeaWiFS & MODISA data 
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a generalized IOP (GIOP) inversion model 
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temperature & salinity dependence of bbw(λ) 
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temperature & salinity dependence of bbw(λ) 

GIOP-C, GIOP-TS, ratio of GIOP-TS to GIOP-C 
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temperature & salinity dependence of bbw(λ) 


